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Abstract 

Rudder, Charles L. Master of Natural Resources – Environmental Impact Analysis and Assessment.  

NCSU Campus Forest Inventory: Data Collection Method for Sustainability Management 

 

North Carolina State University encompasses nearly 2300 acres of land within the capitol city of Raleigh, 

North Carolina. The management of the university’s urban forest is aided by a tree inventory consisting 

of landscaped trees on campus. This project’s goal was to update this inventory, test a more efficient 

method for updating the data and incorporate data analysis into the tools available to Grounds 

Management staff. Within the areas inventoried, the urban forest was shown to be young and in “good” 

condition. The forest is also providing value as a carbon sink and serves to mitigate some air pollution 

caused by modern life. The project revealed some of the benefits of this inventory including its use in 

maintenance activities and as a tool for establishing a tree planting program. This database of 

information can also serve as a starting point for having the university recognized as a Tree Campus USA 

by the Arbor Day Foundation. 
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1 INTRODUCTION 
North Carolina State University is located in the middle of the capital city of Raleigh, North Carolina. 

Over the past thirty years, Raleigh’s population has doubled two and a half times (U.S. Census Bureau, 

1982). With this continued population growth comes an expansion of built space, increasing impervious 

surfaces and decreasing green infrastructure. The altered landscape has pushed city land managers to 

monitor these changes. A current goal of the City of Raleigh’s Urban Forestry division is to inventory 

their street tree population to more efficiently manage the urban forest through sustainable practices 

(Thigpen & Estevez, 2009). North Carolina State University’s campus comprises a sizable area (~2,300 

acres) within the ~500,000 acres under the city’s supervision and represents an excellent opportunity to 

continue the city’s work towards a more sustainable urban environment. 

One goal of Urban Forestry is to design and efficiently manage public and private lands in and adjacent 

to urban forested landscapes to be ecologically, socially, and economically sustainable (Thompson, 

Pillsbury, & Hanna, 1994). In order to establish whether the university is maintaining the urban forest in 

such a way, a current and complete inventory of the forest is necessary for monitoring this process. The 

proper management of an urban forest can ensure a functional urban ecosystem including cleaner air, 

storm water management, and aesthetic value for the community (Roberts, 1980; Dwyer, Schroeder, & 

Gobster, 1991; Dwyer & Schroeder, 1992; McPherson, Simpson, Marco, & Xiao, 2005). A tree inventory 

is an essential tool for efficiently and accurately managing the landscape.  

Nowak (Nowak, 2008) surveyed a number of tree inventory methods and determined that complete 

inventories offer the most comprehensive and precise database of information which provides 

landscape managers with one of the necessary tools needed for proper management. As with any 

inventory, one must consider what information is to be collected and try to find a balance between 

collecting everything and collecting too little. The Urban FORest Effects model created at the US Forestry 

Services’ Northern Research Station (Nowak & Crane, 1998) requires a large amount of data be 

composed for the model to be effective. Fortunately, the data needed for each tree can be efficiently 

collected using a GPS/GIS based management system. 

One barrier to collecting and maintaining a complete inventory of a large study area is that it is often 

cost prohibitive. An inventory of the NCSU campus forest exists and is managed by the Grounds 

Management Division of Facilities Operations. After Hurricane Fran ripped through Raleigh in 1996, the 

value of this inventory data was realized. Hundreds of trees were destroyed as a result of this storm, 
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including a large number of the trees in the Court of North Carolina. The university was reimbursed by 

the Federal Emergency Management Agency (FEMA) for lost trees because of the documentation this 

inventory provided. Updating the inventory will not only strengthen management capabilities, but it is 

also essential to protect the school against future financial losses due to incomplete or inaccurate 

records.  

Originally, all tree information data were distributed across electronic AutoCAD files associated with the 

various “Tree Care” areas as maintained by Grounds Management. After Hurricane Fran, the Center for 

Earth Observation undertook a project to combine the various CAD files into a single database for more 

efficient management and recordkeeping (Smith, 2000). Various changes and additions have been made 

over the years, but time limitations have not allowed Grounds Management staff to update the GIS layer 

as they would like. I have tested a data collection method utilizing GPS and GIS technologies that should 

be more suitable for data gathering and integration into the currently existing inventory.  

The main objective of this inventory project was to update a currently existing inventory on as large a 

portion of campus as possible by testing a more efficient inventory method. The method used will 

enable NCSU to maintain an up-to-date inventory into the future and provide a basis for developing a 

more targeted tree management plan. The data collected can be easily migrated into an i-Tree ECO 

database and forwarded to the USDA Forest Service for analysis using the UFORE model. These analyses 

provide the university with calculations of various sustainability data such as carbon 

storage/sequestration and air quality parameters.  These analyses will illustrate opportunities for NCSU 

to better recognize and maintain the value of their tree resource, educate current and future students 

on the benefits of technology for resource management, ensure the school is financially prepared for 

environmental disasters and position NCSU as a leader in tree care and analysis. 
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2 OVERVIEW 
The 194 acres inventoried in this study represent nearly half of the total area encompassed by NC 

State’s Main Campus. Management blocks have been created by Grounds Management to simplify 

maintenance needs; these areas are called Tree Care Areas (Figure 2.1). The inventoried area potentially 

represents a much younger forest when compared to the remaining campus. The majority of the 

remaining area is made up of the original State College Campus and is expected to contain trees that are 

older and in poorer condition. This assumption is backed up by the professional opinions of Grounds 

Management staff, indicating the health of that portion of campus to be declining. With this in mind, it is 

important to understand the utility of the data provided by the study and the potential of these data in 

more effectively managing the campus forest. The metrics used to assess the forest at NC State, 

including diversity, age distribution and condition distribution, indicate an overall healthy system, within 

the inventoried areas. While these do not represent a comprehensive list of evaluative techniques, they 

represent a sufficient level of evaluation for the purposes of maintenance and planning.  

 

FIGURE 2.1- MAP ILLUSTRATING "TREE CARE AREAS" USED BY GROUNDS MANAGEMENT FOR MAINTENANCE. THOSE HIGHLIGHTED IN BLUE 

REPRESENT AREAS THAT WERE INVENTORIED FOR THIS PROJECT. 

Within the study area much of the forest consists of pine and oak species, consistent with forests of the 

southeast, though oaks outnumber pines, a reverse of the southeast composition (Southern Forest 

Resource Assessment, 2002). Raleigh is the “City of Oaks,” so it is assumed that this proportion is due to 
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planting preference, as forest succession would tend toward pines. Much of the tree population 

inventoried is rather young, and the overall health/condition of the campus forest, based on the 

inventory, is “Good” (61%), an expectation of such a young forest. In order to maintain the health of the 

forest, a tree-planting program would again be needed to replace those trees that die, are injured by 

storms, or succumb to disease organisms. 

 

Percentages of family, genus or species all fall within or close to the 30/20/10% rule, indicating that 

species diversity on campus needs little adjustment. Finer analysis by Tree Care Area on the other hand 

presents the need for attention in most of the areas inventoried, though only minor. Diversifying the 

genus composition away from oaks and pines in many of these areas would redistribute diversity in that 

Care Area and, ultimately, the campus at large. Small changes in each Tree Care Area, such as planting 

new trees, would have the collective effect of redistributing species diversity. There are dead trees 

already in the system, so replacement of those specimens should be approached first, followed by the 

development of a planting program to place trees in areas that would benefit from additional tree 

cover. 

 

The North Carolina State University campus forest represents a significant amount of green space in the 

center of Raleigh, NC. Maintaining the urban forest into the future will require vigilance on the part of 

the University community, especially those whose job it is to maintain the forest. As the campus 

continues to grow and change, so too will the structure of the forest. Understanding this resource 

properly is key to maintaining its health and stability. The inventory provided by this project is the first 

step toward this goal and is only effective if the data are timely. 

 

The current inventory shows us a forest community that is young and in good condition. The only 

significant need is for minor changes in regards to species diversity to defend against pest attacks that 

may arise in the future. The data produced by the inventory also represent a sample of the ecosystem 

services provided by the campus forest. Currently underway is a project to complete data collection for 

the remaining areas of NC State’s main campus. Completion of this project will give the forest managers 

a benchmark to compare changes in the forest structure and, more importantly, a tool to better manage 

the day-to-day workloads through GIS methodologies.  
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Not only do the data need to be current, but replication of the analysis methods is required to perform 

comparisons in the future and track changes in the system. i-Tree Eco provides pertinent data for this 

purpose, and when paired with spatial analysis techniques, a detailed summary of individual portions of 

the campus can be created. (Recent updates to Eco will allow users to get results back within 24 hours 

instead of the weeks previously needed)  Technical documentation provided as a supplement to this 

report should provide guidance for reproducing the steps employed in the method. 
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3 METHODS 
Updating and making inventory management more efficient at North Carolina State University required 

use of the best tools available to accomplish these goals. The method used involved learning software 

and creating systematic procedures and documentation. Documentation for these procedures can be 

found in the Tree Inventory Supplemental Users Guide. The following information provides a basic 

outline of the software and procedures utilized. 

3.1 INVENTORY MATERIALS AND SOFTWARE 

Field (or ground based) inventory was conducted using the following materials and software. 

 i-Tree software (downloaded from i-Tree website: www.i-Treetools.org) 

 Trimble GeoXT (loaned from City of Raleigh Urban Forestry Division and Department of Forestry 

and Environmental Resources at NCSU) 

 ArcGIS 9.3.1(ArcInfo) package (includes ArcMap and ArcCatalogue, provided by a UNC system 

wide license and downloaded from NCSU  OIT software website: www.ncsu.edu/software) 

o Trimble GPSAnalyst extension 

  ArcPad 7.1.1 (Software utilized on the Trimble GPS units and provided by the UNC System wide 

license) 

o Trimble GPSCorrect extension 

 ArcPad Application Builder (used to create user forms for inventory process and manipulate 

scripts that drive inventory tools) 

 DBH tape 

 Clinometer (% slope and topograhic to allow for varying distances to trees) 

 Spatial data (existing base maps and tree data) 

3.1.1 I-TREE 

i-Tree is a software package developed by USDA Forest Service Northeastern Research Station (NRS), the 

USDA State and Private Forestry's Urban and Community Forestry Program and Northeastern Area, the 

Davey Tree Expert Company, and SUNY College of Environmental Science and Forestry (i-Tree v 3.0.16). 

This package was created to replace the UFORE model developed by Daniel Crane and David Nowak. The 

UFORE (Urban FORest Effects) model allowed users to enter tree data collected in the field to calculate 

various ecological parameters associated with urban forests. The calculated attributes include species 

composition, carbon sequestration and storage rates, particulate air pollution removal, and storm water 

runoff mitigation. i-Tree Eco is a sub package included in i-Tree where the required data are entered. 

http://www.itreetools.org/
http://www.ncsu.edu/software
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Careful creation of the shapefile (Appendix B) used to house the tree information allows users to import 

data into i-Tree Eco using a process developed by Johnny Reed of the Natural Resources Spatial Analysis 

Laboratory and distributed through the Urban Forestry South resources page (see Supplemental 

Instructions) (Reed, 2010).  

i-Tree is installed on a computer to allow use of the Eco package. i-Tree Eco requires a set up process 

that involves entering information concerning location of the project, naming conventions, and a few 

land cover and land use raster files that can be acquired from the USGS Seamless website. Specifically, 

these data include Land Use, Tree Cover, and Impervious Surface raster data sets downloaded from the 

Multi-Resolution Land Characteristics Consortium (MRLC) website (http://www.mrlc.gov/). 

3.1.2 TRIMBLE GEOXT (GPS) 

Global Positioning System (GPS) allows users to record locations of landscape features very accurately. 

GPS hardware/rovers, such as the Trimble GeoXT rover, provides a method of creating new data points, 

and the mobile GIS program, ArcPad, provides a platform for updating tree information associated with 

those points. Merging the Trimble GeoXT rover and ArcPad within a GIS based format, it is possible to 

perform both tasks simultaneously. Additionally, data points already in the system can be updated to 

reflect changes seen in the field. It is important to remember that the current version of ArcPad (v7.1.1) 

does not run very efficiently on older models of the GeoXT (2003 and older) and they are therefore not 

recommended for this method. 

3.1.3 ARCPAD AND GPS CORRECT 

ArcPad is a mobile GIS program created by Environmental Systems Research Institute (ESRI) that works 

in conjunction with GPS for data collection. ArcPad is used in the project to allow the user to interact 

with the inventory database. Data are checked out of the main inventory and transferred onto the GPS 

rover. This check out procedure makes it possible to limit the amount of data that require updating. 

The Trimble GPS Correct extension is installed on the GPS units along with ArcPad.  This extension 

installed alongside ArcPad provides users with the ability to differentially correct data collected in real 

time in the field or through post processing by logging GPS positions and the metadata necessary to 

perform differential correction back in the office. The post processing of data improves the accuracy of 

GPS positions, depending on obstructions and interference.  Post processing of these data requires that 

the data be run through Pathfinder office, unless the GPS Analyst extension is utilized in ArcGIS. 

 

http://www.mrlc.gov/
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3.1.4 ARCGIS (ARCMAP, ARCCATALOGUE, AND TRIMBLE GPSANALYST EXTENSION) 

ArcMap 9.3.1 and ArcCatolog 9.3 are GIS software applications utilized in the project. ArcCatolog was 

used to build a personal geodatabase (.mdb) that is GPS enabled through the Trimble GPSAnalyst 

extension to allow tree position information to be differentially corrected within the GIS framework. 

GPS Analyst provides ArcMap/ArcCatalog with the functional capabilities of the postprocessing software 

found in GPS Software such as Pathfinder Office.  

ArcMap was used to select the location of interest for each data collection session and subsequently 

check out data within the extent selected for transfer to the GPS unit. The check out procedure is not 

limited to extent selection. Users are also able to highlight specific features within the GIS and export 

only those features. 

Geodatabase 

A personal geodatabase must be created to make use of the Trimble GPS Analyst extension. After 

building the database with the necessary feature classes for the project, the geodatabase is enabled for 

GPS editing. The specific feature class to be edited in the GPS sessions must also be enabled. The 

geodatabase used for this project includes a number of feature classes that are useful in the data 

collection process; these are divided into tree related data and base-map data. Tree related data include 

the original point inventory provided by Grounds Services staff and a polygon layer of wooded areas. 

Base-map data include building footprints, streets, parking areas and sidewalks. These data were 

downloaded from the NCSU GIS data services portal (Geospatial Data Services: NCSU Libraries, 2010) as 

a geodatabase of various NCSU features and transferred into the project geodatabase. Additionally, 

aerial photographs from 2005 and 2007 were downloaded to provide background information and as a 

reference for the inventory process. 2010 photography is now available through the Wake County GIS 

data download website (http://www.wakegov.com/gis/download_data.htm). 

 

Tree Data 

This data layer was provided by the Grounds Services staff, and serves as a starting point for data 

collection. The various fields and information found within the Trees.shp database table  were migrated 

to a spreadsheet to create the necessary attribute field names for integration with i-Tree. These 

attributes are listed in Tables 3.1 and Table 3.2. 
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TABLE 3.1- ATTRIBUTES NECESSARY FOR INTEGRATION WITH I-TREE AND THE UFORE MODEL (*THESE VALUES ARE IN THE ORIGINAL 

DATABASE.) 

Attribute 
Name 

Description Coding Example 

TREEID ID number for each tree (OID) integer value 45 

SPECIES USDA plant codes used by UFORE as shorthand text ACRU 

DBH1* Diameter at breast height of stem 1 numerical 
(in) 

12 

DBH2 Diameter at breast height of stem 2 numerical 
(in) 

0 

DBH3 Diameter at breast height of stem 3 numerical 
(in) 

0 

DBH4 Diameter at breast height of stem 4 numerical 
(in) 

0 

DBH5 Diameter at breast height of stem 5 numerical 
(in) 

0 

DBH6 Diameter at breast height of stem 6 numerical 
(in) 

0 

TREE_HT* Total height of the tree numerical 
(ft) 

62 

CRWN_BASE height to the base of the crown numerical 
(ft) 

12 

CRWN_WD1* Crown width measurement direction 1 numerical 
(ft) 

36 

CRWN_WD2 Crown width measurement direction 2 
(perpendicular to 1) 

numerical 
(ft) 

34 

MISSING Percent of the crown missing numerical 
(%) 

8 

DIEBACK Crown dieback percentage numerical 
(%) 

6 

STREET Whether the tree is a street tree or not text S 

CLE Number of sides of the crown exposed to light numerical 3 

COMMENTS* Comments on tree condition or site condition text Recommend prune lowest 
limbs 
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TABLE 3.2 - ADDITIONAL DATA INCLUDED IN DATABASE, BUT NOT USED IN I-TREE (*THESE VALUES ARE IN THE ORIGINAL DATABASE.) 

Attribute 
Name 

Description Coding Example 

OBJECTID_1  ID value generated by geodatabase Integer 45 
xREF_ID original ID number for trees used for crossreferencing integer value 1679 
xNCSU_ID ID used by NCSU Grounds Management staff to reference trees 

within Care Areas 
text C12-360 

xPLANTDT date of planting MM/DD/YYYY 10/2/2007 
xCOMNAME* common name associated with USDA Plant Codes text Red maple 
xBOTNAME* scientific name associated with USDA Plant Code text ACER 

RUBRUM 
xTYPE* leaf habit of individual tree text DECIDUOUS 
xSTCOUNT # of stems numerical 1 
xHTLVTOP Height to the living top of the tree, not necessarily the total 

height 
numerical (ft) 62 

xCATEG* Category of tree based on Ground Management Tree Program 
document 

numerical 2 

xCOND* General condition of the tree text GOOD 
xPESTDIS Pest or Diseases present  text Fruiting 

bodies 
xPRUNE* Was the tree pruned when visited? text NO 
xREMOVE* Was the tree removed when visited? text NO 
xWK_DATE Date of tree update or establishment MM/DD/YYYY 8/2/2010  
  

Wooded Areas 

Using Aerial photography from 2005 and 2007, areas of densely clustered trees were digitized in ArcMap 

prior to beginning the inventory process. Wooded areas are defined as having a density ≥ 15 trees per 

100 ft2. These areas are defined to make the inventory process efficient because collecting data on all of 

the stems found in these areas would be time consuming and the data are not particularly useful to 

Grounds Management needs (NC State University, 2003). These areas were ground-truthed in the field 

during the inventory process to confirm that they contained the necessary density.  

 

Base Map Data 

To aid in the inventory process various landscape features can be beneficial for orienting oneself. 

Locations of buildings, parking areas, sidewalks, and streets provide the user with information needed to 

be sure that trees already in the inventory have been placed properly or that newly appointed trees are 

in expected locations.  

 

 

 



[14] 
 

3.2 INVENTORY AND DATA COLLECTION  

As iTree Eco does not currently allow users to geo-reference the individual trees when collecting data, a 

set of tools and processes were developed to make this possible. What follows is a description of the 

tools, the inventory process, and the integration into iTree post data collection. 

3.2.1 SOFTWARE AND HARDWARE SETUP 

Form Creation (ArcPad Studio) 

The system utilized for collecting data at each tree required the creation of a form using ArcPad Studio 

(APS). Forms can be created in two ways:  bottom up or top down. Bottom-up creation requires the user 

to build all entries for the form from scratch. Top-down creation is much simpler; this requires the user 

to check out a set of data from ArcMap using the ArcPad extension, then open the applet file in APS and 

modify the form that is automatically created by the ArcPad extension. The check out procedure creates 

a form that contains all of the field attributes available in the feature class attribute table. The 

completed form gives the data collector a data entry platform that is easily integrated back into the 

database. These forms must be kept in a separate permanent folder as they need to be copied over to 

the GPS each time data are checked out. 

 

Tree Inventory Toolbar and Script 

The toolbar utilized was borrowed from the street tree inventory project currently underway in the City 

of Raleigh. This toolbar contains tools to edit, select, open the form, delete, add new point through GPS, 

and manually add points. The ability to move points from one location to another with the GPS receiver 

was added to the toolbar as well as a toggle to repeat feature attributes when encountering multiple 

trees of the same species. Users are able to move trees already in the inventory and more efficiently 

repeat the time consuming process of entering species identification information. These functionalities 

are necessary as a large number of the points in the inventory represented inaccurate tree locations and 

very often the same species is repeatedly planted in a given landscape.  The script associated with this 

toolbar is copied to the applets folder for ArcPad and directs the program to load the toolbar and a 

specific map associated with the inventory. 
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GPS Rover 

The form and inventory toolbar must are placed on the GPS unit in specific folder locations that ArcPad 

will use to locate them and apply their functionality to the interface. User input for each tree is entered 

via the GPS/ArcPad interface. 

 

3.2.2 DATA COLLECTION PROCESS 

 

Check Out Data  

Data check out from the master tree database allows those performing the inventory to focus their data 

collection in a specific area or on a specific set of trees that are preselected in ArcMap. After choosing 

the desired area or set of trees, the user checks out the information to a folder. Data are then 

transferred to the GPS unit to a folder on the rover that is called by ArcPad during the program 

initialization. This allows the inventory map and associated toolbars to be deployed without searching 

for them. The forms are also moved to this folder for data collection. 

 

Field Data Collection 

Each tree within the checked out data set is visited and updated as needed. Updates are required for 

three distinct categories: (1) trees currently in the database, (2) trees needing to be added to the 

inventory, and (3) trees needing removal from inventory. The process for each of these varies slightly. 

 

 Existing trees 

These trees are visited and form information is verified including species code, common name, and 

scientific name. Measurements and information about the condition of the tree are updated as 

1. Check out 
data

2. Transfer 
Data to the 

GPS Unit

3. Field Data 
Collection

4. Check In 
data

5. Differential 
Correction

6. Assess 
Data
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needed. Typically, if a tree has been visited within the past 6 months, no new information should be 

required. This is not the case, however, if a disease or pest is found. 

 New trees 

Trees fall in this category as a result of being missed in the original inventory or if trees have been 

planted since the most recent update. At the time of the visit, the GPS location is recorded with the 

GPS receiver and all pertinent measurements and information are gathered. If in fact this tree has 

been planted, this will be input into the Comment field by typing “NEW” as the response and 

updating the Date field to the date visited. 

 Removed trees 

Trees belong in this category if they have previously been inventoried and subsequently been cut 

down or fallen. At the time of the visit, these trees will be selected in ArcPad and the Remove field 

will be adjusted to “YES.” In the office, the trees will be removed from the database. If a new tree 

has been put in its place, this tree is treated as a separate entity and recorded as described above 

(2). 

One of the tasks that Grounds Management must perform each year is a report of the number of 

trees added and removed from the system. By coding the new and removed trees as described, the 

staff will be able to query the database on a semi-annual or annual basis and export this information 

to a table or separate shape file for reporting purposes. After this information has been exported and 

archived, the removed trees will be deleted from the master tree database [utility of this data is 

explained in a later section]. 

Field Measurements 

i-Tree Eco (previously UFORE) requires a number of measurements be taken for the model calculations 

to be performed.  These include Species Code, diameter at breast height (DBH) for the largest six stems, 

tree height, height to the base of the crown, crown width in two perpendicular  directions, percent of 

the crown estimated to be missing, percent of crown dieback, street tree  or not, crown light exposure, 

and any comments. Detailed descriptions of these measurements can be found in the i-Tree Eco manual 

(Eco, 2010). As described earlier, additional measurements and information not used by i-Tree are 

collected for each tree. 

 

DBH measurements are taken using a loggers tape, with diameter measurements to the nearest 1/10th 

of an inch. Height measurements are taken using a clinometer. (A laser hypsometer is a more accurate 
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choice for future inventory work.) In an attempt to limit the amount of equipment and time needed to 

collect measurements, pacing (commonly used in forestry) was employed to determine crown width and 

establish the necessary distance from the tree for measurement with clinometers.  

Checking In Data  

Upon completing data collection, the files that were previously placed onto the GPS rover must be 

transferred back to their original folder to replace the original files. In the GIS environment, data are 

checked back into the master database. After the data are brought back into the system, a differential 

correction procedure is carried out to depict the location of the trees on the ground more accurately. It 

may be necessary to move points manually using the most recent aerial photography available after 

differential correction.  (This step is typically only done after data collection sessions have been 

performed in areas of dense tree cover or dense building cover.) 

 

3.2.3 INVENTORY DATA INTEGRATION WITH ITREE ECO 

A copy of the data collected was migrated from the project database into an iTree database for 

processing by the USDA Forest Service. This migration is a modification of the process developed at the 

Urban Forestry South Expo and is explained further in the Tree Inventory Supplemental user’s guide.  

iTree Eco calculates information associated with the structure and function of the urban forest and the 

integration of the inventory data with iTree produced a data set for analysis and assessment of the NC 

State Campus forest. 
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4 RESULTS AND DISCUSSION 
Current inventory data were collected over the summer of 2010 and include data collected in 1997 after 

Hurricane Fran. Additional inventory data are being collected in Spring 2011 to complete the inventory 

for Main Campus. This report focuses on the information gathered during the summer 2010 inventory 

session, which encompasses all areas of main campus south of the railroad and east of Varsity Drive. 

Main campus contains approximately 420 acres of which 194 acres (46%) were surveyed. The results are 

based on information gathered for 2170 trees. 

 

FIGURE 4.1 - MAP INDICATING THE TREES INVENTORIED DURING THE PROJECT. 

4.1 FOREST STRUCTURE 

The North Carolina State University urban forest was analyzed to ascertain where management 

prescriptions should be implemented to maintain the beauty and character we see today. This resource 

has been analyzed for diversity, age distribution via diameter classes, and condition. These data were 

separated into Tree Care Areas for smaller scale assessment of the forest. The smaller scale provides a 

more manageable area for decision makers to create plans for tree planting and removal. These 
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analyses should aid in pinpointing areas in greatest need for attention. For the inventoried area there 

are 11.2 tree/acre, with an average height of 37 ± 1.0 feet and average diameter of 12.3 ± 0.44 inches 

respectively (α = 0.05). 

 

DIVERSITY 

Maintaining the diversity of the forest resource can provide a defense against losses due to diseases and 

other pests. The 30/20/10% formula of tree diversity states that for a given area no family, genus or 

species should respectively be greater than 30, 20, or 10% of the total tree count (Santamour, 1990). 

This rule provides a guideline for maintaining a tree population that is capable of absorbing pest 

incursions. For the area inventoried the Family portion of the campus forest maintains the rule, but the 

Genus and Species are both exceeded by oaks and pine (Quercus and Pinus), more specifically Loblolly 

pine and Willow oak (Pinus taeda and Quercus phellos) (Table 4.1). 

TABLE 4.1- CAMPUS TREE DIVERSITY AS A PERCENT OF THE TOTAL POPULATION INVENTORIED DURING THE SUMMER OF 2010. THE TOP 10 

FAMILES, GENERA, AND SPECIES ARE LISTED. OAK AND PINES EXCEEDED THE 30, 20 , 10 % RULE FOR GENUS AND SPECIES. 

 Family Genus Species 

 Family Name Count % Genus Name Count % Species Name  Count  % 
1 Fagaceae 424 22.1% Quercus 421 21.9% Pinus taeda 276 14.4% 
2 Pinaceae 296 15.4% Pinus 293 15.2% Quercus phellos 214 11.1% 
3 Magnoliaceae 206 10.7% Magnolia 199 10.3% Lagerstroemia indic 179 9.34% 
4 Lythraceae 179 9.34% Lagerstroemia 179 9.34% Magnolia grandiflora 157 8.19% 
5 Aceraceae 130 6.78% Acer 130 6.78% Cercis canadensis 68 3.55% 
6 Cornaceae 126 6.58% Cornus 126 6.58% Cornus florida 65 3.39% 
7 Rosaceae 104 5.43% Cercis 94 4.91% Acer palmatum 46 2.40% 
8 Fabaceae 102 5.32% Prunus 59 3.08% Platanus occidentalis 41 2.14% 
9 Cupressaceae 49 2.56% Platanus 41 2.14% Acer rubrum 41 2.14% 
10 Betulaceae 47 2.45% Morella 38 1.98% Cornus kousa 40 2.09% 
 

In general, the family rule is not broken for most of the inventoried Tree Care Areas; however, the genus 

and species rules are violated for nearly every Tree Care Area (Table 4.2). While the number of trees 

found within each Care Area is not very large, this does indicate a need to increase the variety of trees 

planted across campus. 
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TABLE 4.2 - DIVERSITY DISTRIBUTION VIEWED BY TREE CARE AREA INDICATES THAT MANY OF THE MANAGEMENT BLOCKS COULD BENEFIT 

FROM GREATER DIVERSITY. 

 FAMILY GENUS SPECIES 
C-1 
C-1 

C-1 
1 Pinaceae 69 33.66% Pinus 69 33.66% PINUS TAEDA 67 32.68% 
2 Fagaceae 45 21.95% Quercus 45 21.95% QUERCUS PHELLOS 17 8.29% 

3 Cornaceae 22 10.73% Cornus 22 10.73% CORNUS KOUSA 13 6.34% 
4 Magnoliaceae 19 9.27% Magnolia 19 9.27% CERCIS CANADENSIS 10 4.88% 

5 Rosaceae 14 6.83% Cercis 10 4.88% MAGNOLIA X SOULANGIANA 10 4.88% 

C-3 
C-3 

C-3 
1 Fagaceae 59 27.70% Quercus 58 27.23% QUERCUS PHELLOS 30 14.08% 
2 Aceraceae 28 13.15% Acer 28 13.15% MAGNOLIA GRANDIFLORA 24 11.27% 
3 Cornaceae 27 12.68% Cornus 27 12.68% LAGERSTROEMIA INDICA 21 9.86% 

4 Magnoliaceae 26 12.21% Magnolia 26 12.21% ACER PALMATUM 21 9.86% 

5 Lythraceae 21 9.86% Lagerstroemia 21 9.86% QUERCUS LAURIFOLIA 13 6.10% 

C-4 
C-4 

C-4 
1 Pinaceae 92 36.65% Pinus 91 36.25% PINUS TAEDA 91 36.25% 
2 Fabaceae 26 10.36% Cercis 26 10.36% LAGERSTROEMIA INDICA 25 9.96% 

3 Lythraceae 25 9.96% Lagerstroemia 25 9.96% MORELLA CERIFERA 23 9.16% 

4 Fagaceae 24 9.56% Quercus 24 9.56% CERCIS CANADENSIS 22 8.76% 

5 Myricaceae 23 9.16% Morella 23 9.16% TAXODIUM DISTICHUM 9 3.59% 
C-5 
C-5 

C-5 
1 Fagaceae 69 27.71% Quercus 68 27.31% QUERCUS PHELLOS 36 14.46% 
2 Aceraceae 30 12.05% Acer 30 12.05% LAGERSTROEMIA INDICA 28 11.24% 

3 Magnoliaceae 29 11.65% Magnolia 29 11.65% MAGNOLIA GRANDIFLORA 19 7.63% 

4 Lythraceae 28 11.24% Lagerstroemia 28 11.24% CORNUS FLORIDA 18 7.23% 
5 Cornaceae 21 8.43% Cornus 21 8.43% ACER PALMATUM 15 6.02% 

C-6 
C-6 

C-6 
1 Pinaceae 33 33.67% Pinus 33 33.67% PINUS TAEDA 33 33.67% 
2 Fagaceae 32 32.65% Quercus 32 32.65% QUERCUS PHELLOS 10 10.20% 

3 Aceraceae 10 10.20% Acer 10 10.20% LAGERSTROEMIA INDICA 8 8.16% 
4 Lythraceae 8 8.16% Lagerstroemia 8 8.16% QUERCUS PALUSTRIS 7 7.14% 

5 Ulmaceae 5 5.10% Platanus 3 3.06% QUERCUS LAURIFOLIA 5 5.10% 

C-7 
C-7 

C-7 
1 Magnoliaceae 24 16.22% Pinus 22 14.86% MAGNOLIA GRANDIFLORA 20 13.51% 
2 Pinaceae 22 14.86% Magnolia 21 14.19% PINUS TAEDA 14 9.46% 
3 Fagaceae 19 12.84% Quercus 18 12.16% TAXODIUM DISTICHUM 14 9.46% 

4 Taxodiaceae 16 10.81% Taxodium 14 9.46% CORNUS FLORIDA 8 5.41% 

5 Fabaceae 15 10.14% Cercis 13 8.78% CERCIS CANADENSIS 7 4.73% 

C-8 
C-8 

C-8 
1 Fagaceae 84 25.45% Quercus 84 25.45% QUERCUS PHELLOS 52 15.76% 
2 Lythraceae 35 10.61% Lagerstroemia 35 10.61% LAGERSTROEMIA INDICA 35 10.61% 

3 Rosaceae 29 8.79% Acer 24 7.27% CORNUS FLORIDA 17 5.15% 

4 Aceraceae 24 7.27% Cornus 22 6.67% PLATANUS OCCIDENTALIS 13 3.94% 

5 Cornaceae 22 6.67% Prunus 17 5.15% PINUS TAEDA 12 3.64% 
C-9 
C-9 

C-9 
1 Fagaceae 63 21.21% Quercus 63 21.21% PINUS TAEDA 48 16.16% 
2 Pinaceae 53 17.85% Pinus 53 17.85% MAGNOLIA GRANDIFLORA 46 15.49% 

3 Magnoliaceae 52 17.51% Magnolia 51 17.17% LAGERSTROEMIA INDICA 37 12.46% 

4 Lythraceae 37 12.46% Lagerstroemia 37 12.46% QUERCUS PHELLOS 34 11.45% 
5 Cupressaceae 27 9.09% Cupressus 26 8.75% CUPRESSUS ARIZONICA 26 8.75% 
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 FAMILY GENUS SPECIES 
S-1 
S-1 

S-1 

1 Magnoliaceae 36 28.80% Magnolia 36 28.80% MAGNOLIA GRANDIFLORA 30 24.00% 
2 Fagaceae 29 23.20% Quercus 29 23.20% QUERCUS PHELLOS 26 20.80% 

3 Rosaceae 13 10.40% Acer 13 10.40% ACER RUBRUM 13 10.40% 

4 Aceraceae 13 10.40% Lagerstroemia 12 9.60% LAGERSTROEMIA INDICA 12 9.60% 
5 Lythraceae 12 9.60% Ulmus 7 5.60% ULMUS PARVIFOLIA 6 4.80% 

 

 

DIAMETER CLASS DISTRIBUTION  

Understanding the age and distribution of trees provides insight for managing the forest. Determining 

the age of each tree on campus could be accomplished by either scouring records for planting dates, or 

by coring each tree with an increment corer and counting the rings. Both methods are time consuming 

and not practical. For this analysis diameter is used as a proxy for age. While diameter is not the best 

indication of tree age in natural stands where competition can affect growth, in an urban setting 

competition is limited. Structural differences between tree families, genre, and species should be 

considered when looking at these data. For instance the maximum DBH of an Acer buergerianum 

(trident maple) will be much less than the maximum DBH of a Quercus phellos (willow oak)  of the same 

age. 

 

The average diameter of trees in the current inventory is 12.3 inches. This value is reflected in the 

diameter class data, with nearly 60% of the trees falling below the 11” diameter class (Figure 4.2). This 

large percentage is an indication that the inventoried forest is rather young.  This is not surprising as the 

inventoried area consists of portions of the university that are relatively young compared to the original 

campus. When the age of the resource is viewed on the scale of each Tree Care Area, this relationship 

holds (Table 4.3). 
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FIGURE 4.2 - DIAMETER CLASS DISTRIBUTION. NEARLY 60 % OF THE TREES SURVEYED ARE SMALLER THAN 11”. 

 

CONDITION CLASSES  

The condition assigned to a tree can provide Grounds Management staff with a guide for locating trees 

in need of care and the level of work that may be required. On the ground, data collection included a 

quick assessment of tree condition while measuring other attributes. Data collection for each tree puts 

the surveyor in a position to assess all aspects of each tree including the condition of the crown, stem, 

and root structures. A subjective rating scale ranging from excellent [1] through dead [6] was used in 

this process. In contrast, i-Tree Eco estimates tree condition based on the simple formula (1): 

 

     C= 1 – d, (1) 

 

Where C is the calculated condition value and d is the estimated percent dieback determined on the 

ground, based on the following conversion: Excellent (<1%), Good (1-10%), Fair (11-25%), poor(26-50%), 

critical (51-75%), dying(76-99%), and dead(100%) (Nowak, Crane, & Dwyer, 2002). These values were 

converted to a categorical value ranging from excellent [1] through dead/dying [6] for comparison. 

Because condition assessment only accounts for canopy dieback and not the entire tree, the ground 

surveyor condition values are presented. The i-Tree calculation skews the data towards excellent (Fig 3.5 

included in the Appendix) and doesn’t represent actual condition. Figure 3.4 (appendix) shows that 
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overall, the trees inventoried are in good health, and the condition attribute will provide guidance to 

Grounds Management staff when  querying the database for problem trees. 

 

When these data are viewed by Care Area, we see that overall there is a pattern of a healthy forest 

(Figure 3.6). If a particular area of the campus had a higher proportion of poor or dead trees, this would 

be an indication of a problem, such as a pest infestation. 

 

DATA UTILITY 

The physical location of problem trees can be accomplished by querying the tree database. For example, 

trees in poor or dead condition can be identified using the query:  

 

SELECT * 

FROM Trees 

WHERE: Trees.xCOND = 'DEAD',  

OR  Trees.xCOND = 'POOR' 

 

Selected trees can be exported to ArcPad for Grounds Management staff to locate and perform a full 

tree condition assessment.  
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FIGURE 4.3 - COUNT OF TREES BY DIAMETER CLASS; STRATIFIED BY TREE CARE AREA. TREE CARE AREAS SHOW THE SAME TREND AS INVENTORIED 

AREAS AS A WHOLE, WITH A MAJORITY BEING 11" OR LESS IN DIAMETER. 
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4.2 CAMPUS FOREST RESOURCE BENEFITS 

Increasing concerns about climate change and air quality have heightened interest in the role of trees in 

storing and removing greenhouse gases from the atmosphere and their potential for removing 

pollutants from the air. The role of urban trees in carbon storage/sequestration has been shown to be 

less than forested stands (Nowak & Crane, 2002); however, their presence in urban environments does 

offset some anthropogenic effects of daily urban life. Increased canopy cover in urban environments has 

been shown to improve air quality by removing certain air quality parameters. Constituent air quality 

parameters include particulate matter (PM10), ozone (O3), sulfur dioxide (SO2), nitrogen dioxide (NO2), 

and carbon monoxide (CO). Being aware of the value of the urban forest can serve as a starting point for 

managing its trees. The compensatory value represents the estimated compensation due to the tree 

owner after catastrophic events that damage or kill the tree.  

 

Campus forest benefits estimates were provided by i-Tree Eco for carbon storage/sequestration, air 

quality parameters, and compensatory value of each individual tree. Summary information is provided 

in Table 4.3 based on annual net benefits. The values presented for carbon sequestration/storage and 

air quality are conservative estimates of what might be expected from more species specific 

calculations. These data only represent a small portion of the campus totals.  

TABLE 4.3 - SUMMARY OF ANNUAL BENEFITS PROVIDED BY I-TREE ECO. (THESE VALUES REPRESENT ONLY A PORTION OF THE CAMPUS AS A 

WHOLE) 

Benefit Category  Amount Benefit Category  Monetary Value 

 CO2 Storage 959.07 metric tons  Carbon Storage $19,469.12 
1
 

CO2 Sequestered 29.41 metric tons/yr Carbon Sequestered $597.02 
1
 

Air Quality Parameters:  Air Quality Parameters:  

CO 7,861.50 grams/yr CO $7.56 

O3 97,525.82 grams/yr O3 $3,737.00 

NO2 105,666.68 grams/yr NO2 $713.46 

PM10 248,294 grams/yr PM10 $1,119.31 

SO2 97,257.11 grams/yr SO2 $160.77 

 

 

 Compensatory Value
2
 $4,783,017.00 

 
 

Typically, iTree provides energy conservation values of trees found within the study area. A census 

inventory such as this does not include those calculations in the summary report provided by the US 

Forest Service. Additionally, these energy conservation calculations are based on research limited to 

dwellings of 2.5 stories or less and therefore do not apply to a university setting such as NC State 

                                                                 
1 Estimated marginal social cost of CO2 emissions ($20.30/metric ton). 

2 These values are calculated for each tree using the Council of Tree and Landscape Appraisers calculation method. 
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University. Lacking these data, we are still able to analyze the extent of deciduous shade trees found on 

the south and south-west side of campus buildings. Research has shown that in the summer, deciduous 

trees shading the south and south-west end of a building provide significant energy savings (Simpson, 

2002). While evergreen species can provide significant energy savings as a windbreak during the winter 

months, ascertaining their value is dependent on proper placement and understanding where 

wintertime air flows originate. A basic spatial analysis of the inventory data illustrates the campus 

buildings that may be benefiting from deciduous trees on their south south-west side. Trees located on 

the south or south-west side of buildings, which can contribute to energy savings, are easy to identify 

using the tree database (Figure 4.4).  

 

FIGURE 4.4 - BUILDINGS WITHIN THE INVENTORIED AREA THAT MAY BE BENEFITING FROM SHADE COVER ON THE SOUTH TO SOUTH-WEST 

SIDE. 

 

4.3 UTILITY OF METHOD FOR GROUNDS MANAGEMENT STAFF 

Replication of data collection methods is essential to fostering the maintenance of the current 

inventory. The design and use of the inventory method for this project was chosen with the knowledge 
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that Grounds Management staff already had the necessary tools to maintain the dataset (ArcMap, 

ArcPad, Trimble GeoXT, etc…). Going forward, Grounds Management staff will be able to effectively 

perform on the ground data collection, providing a quick method for updating tree information in the 

database. The ease of use saves precious time and limits transcription errors that would eventually 

occur through manual updates of the database. 

 

Inventory as a Tool for Better Forest Management 

Several management needs and procedural tools have presented themselves through this project and 

analysis of the data. The inventory method and associated technologies provide starting points for 

solutions to these needs as well as some of the tools. These include the need to keep the inventory up 

to date, database query solutions for reporting purposes, management of routine maintenance 

activities, and the implementation of a tree-planting program. 

 

Inventory Updates 

The initial inventory establishes a baseline to analyze changes in the forest and see how those changes 

affect the overall health (benchmarks for comparison). To view the changes it will be necessary to keep 

the data current. It is not expected that the database will be completely amended on a yearly basis, but 

as significant portions are updated, computational data can be produced with i-Tree ECO for comparison 

to the original dataset. It is suggested that a plan for keeping the inventory current be devised. This can 

be accomplished through several steps, including a rotating panel of data collection. This would entail an 

endeavor to re-inventory main campus on a 7-10 year cycle, with approximately one-quarter of main 

campus completed every 2.5 years. This recommendation is made with an understanding that Grounds 

Management staff is limited by time and money; therefore creative solutions need to be developed.  

 

Utilizing the student body as a work force presents two simple solutions to the lack of time and money. 

The first takes advantage of the importance of hands-on experience with technology and field work in 

the areas of natural resources, spatial technologies, and forestry for undergraduate students. 

Identification of only a few courses with a service learning component can provide the workforce 

needed to update the inventory at no additional cost to the university. Two example courses include: NR 

100 Introduction to Natural Resources and ET 252 Introduction to Spatial Technologies. Both courses 

have a service learning component which could be filled via updating the inventory on the university’s 

behalf. The second could be modeled after the workforce development aspect of the current State 
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Energy Program, funded through the American Recovery and Reinvestment Act. Funding is available 

through April 2012 and has already been utilized to finish inventorying the remaining areas of main 

campus. Continuing to seek out funding opportunities like this can provide students with real world field 

work and, at the same time, work towards the inventory update goals. 

 

Database Queries 

Basic database queries on a current dataset are an easy way to ascertain the condition and location of 

trees anywhere on campus. The full list of useful queries on the database is potentially quite lengthy, 

but a short list of useful queries follows. A tutorial is available at the ESRI website 

(http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Using_Select_by_Attributes) that 

provides an explanation of Structured Query Language (SQL) and how it is applied to selecting features 

by attributes. 

 Locating removed and planted trees for yearly reporting 

 Locating trees in “poor/dead” condition; allows for targeted care of pest ridden trees and 

removal and planting of new trees 

 Locating trees by date visited, providing a visual aid in determining progress of work to date 

 Locating a particular genus through a relationship to the species list (e.g. if a pest situation was 

detected, it would be much easier to target treatment) 

 Utilization of database information by students and faculty to locate trees of interest 

 

Routine Maintenance 

The database is not only useful for major maintenance activities; using the database to target 

maintenance activities such as pruning, mulching and watering is also a benefit of the dataset. Pruning 

landscape trees is done to establish strong structural characteristics and eliminate walkway and visibility 

obstructions. Regular pruning when a tree is still young is key to producing these characteristics. Using 

DBH as a guide, Grounds Management staff can easily locate young trees (DBH <6”) and prune them in a 

timely manner. It is recommended that a schedule of pruning be implemented as this has been shown 

to reduce costs over time, and scheduling these tasks is much more efficient than pruning reactively 

(McCabe, 2010). While pruning activities take place, updates to the trees’ measurements can be made. 

Combining the pruning activities with updates to the database, managers can keep track of those trees 

visited and maintain the timeliness of the inventory. 

 

http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Using_Select_by_Attributes
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Mulching and watering are seasonal activities that must be carried out each spring and summer. While 

the tree database is not essential to the placement of mulch and watering, trees that have been 

identified as being in need of attention can be easily located and action taken.  The information in the 

database may not directly indicate where mulching is needed, but it can serve as a tool for assessing the 

volume of mulch needed. Young and newly planted trees will require less mulch than established and 

large mature trees. Mulch should cover the extent of the root zone, and this amount varies by tree size. 

Combining tree diameter information with date of planting can serve as a guide for determining mulch 

needs.  Table 4.4 below is an example estimate of the amounts needed for 3 classes of trees. 

 

TABLE 4.4 - EXAMPLE ESTIMATES OF MULCH VOLUMES NEEDED BY TREE CLASSES. 

Tree Class Mulch Volume Description 

Young Trees/ Newly Planted ~0.5-1 cubic yard Enough to spread 1 yard out from base 

Established trees (DBH <15”) ~1.5-3 cubic yards Enough to cover the root zone 

Large Mature Trees (DBH >15”) 5+ cubic yards Enough to cover the root zone 

 

Watering needs can also be determined using the database. Targeted placement of watering bags or 

routing water routines to young and newly planted trees will provide the greatest chance of success for 

these trees during hot/dry conditions. In the summer, young trees can require significant watering until 

their root system reaches ground water sources. The city of Raleigh recommends ~15-20 gallons per 

week for newly planted trees. 

 

Tree-Planting Program 

Planting new trees requires that space is present and that species chosen are the best for the site and 

geographic region. Guidelines should be created as to what defines a planting site, remembering that 

aesthetics is not the most important factor. The first step in developing a planting program is to locate 

available planting space. Recent aerial photography can provide a starting point for managers in locating 

suitable sites, but ground-truthing is necessary to confirm sufficient ground and crown space are 

available at the chosen sites. Large maturing trees should be given preference as they can provide the 

greatest ecosystem benefits.  

 

Decisions about tree plantings often come down to budget, but taking the time to determine what will 

work best can save money in the long run. Various guides are available to aid managers in choosing the 
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best tree for each location. i-Tree includes a module named SPECIES that is designed to aid in selecting 

tree species that have desirable physiological characteristics, such as air pollution removal or carbon 

storage (STREETS, 2010). The Urban Forestry South Expo also provides a guide for the characteristics and 

site requirements of 103 tree and shrub species (UFS, 2006). When faced with monetary shortfalls, 

managers can select trees from those fiscally viable and most appropriate for the site. Many other 

resources are available, and it is suggested that managers find the one that works for them. 

 

Funding such a program is most important. It is beyond the scope of this project to determine the best 

method, but suggestions can be made. Various programs exist around the country to assist urban and 

community planners to improve the overall environmental health of their community. The City of 

Raleigh has such a program called “Neighborwoods,” part of a national program called Alliance for 

Community Trees (ACT), designed to improve the environment of cities, towns and metropolitan areas 

through planting street trees (Alliance for Community Trees - Mission Archives, 2011). Using these 

organizations as a guide, a campus organization could be created to raise funds to purchase trees and 

perform the labor needed to plant the trees. Taking advantage of environmentally minded students 

within the university (Wolfpack Environmental Students Association, Forestry Club, Student Chapter of 

SAF), an annual planting event could be scheduled during the university’s Arbor Day celebration, again 

employing free labor and raising the profile of the planting program. 

 

Tree Campus USA 

Tree Campus USA is program created by the Arbor Day Foundation to recognize colleges and universities 

that effectively manage their campus trees, develop connectivity with the community outside the 

campus, and engage the student population through service learning projects designed to increase 

knowledge of campus and community forestry efforts (Tree Campus USA - The Arbor Day Foundation, 

2011). To become a Tree Campus, the university must meet five standards; (1) a campus tree advisory 

board, (2) a campus tree care plan, (3) campus tree program with dedicated expenditures, (4) an 

observance of Arbor Day, and (5) a service - learning project related to trees. Currently NC State has a 

campus tree care plan, a campus tree program, observes Arbor Day each year, and provides its student 

with service - learning opportunities. In fact, an example of a service - learning project has been touched 

on in this report to utilize students in the inventory updates or collecting new data in portions of campus 

that have not been visited. The only requirement lacking is to build a campus tree advisory board. 

Completing this step will allow the university to apply for status as a Tree Campus USA College.  National 
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recognition will encourage the university to maintain or improve the character of the university forest 

and foster the efforts of this project. 

 


